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Abstract 
Coagulation and flocculation process are physical-chemical methods that widely used in treatment of wastewater. 
This paper reviewed usage Moringa oleifera seed and Cicer arietinum as a natural coagulant for wastewater 
treatment process. The identify M. oleifera seed and C. arietinum as an alternative to the commercial coagulant for 
treating wastewater is discussed. The efficiency of M. oleifera seed and C. arietinum in the reduction of wastewater 
parameters and improving the quality of treated wastewater is presented. The authors recommend that the 
flocculation process using natural coagulant depend on many factors including physical and chemical factors than 
the types of natural coagulant. Moreover, it appeared from literature review that M. oleifera seed and C. arietinum 
can be used as a natural coagulant for wastewater treatment because they are locally available, eco-friendly, has no 
toxic effect on the human and environment and have sufficient removal capability for the main pollutants in the 
wastewater.  
Keywords — wastewater treatment; coagulation; flocculation; natural coagulant 
1. Introduction
The rapid increases of the population around the world are associated with using huge quantities of water in different 
life activities. Water has several utilizations in many sectors including the industrial and agriculture as well as 
household activities. Those activities generate a contaminated wastewater with the chemical and biological residues. 
therefore, the treatment of those wastes before the final disposal or reuse became an urgent need not only to meet 
the international standards but also in order to protect the next generations and insure the availability of pure water 
for survive. In India (one of the most developing countries), only about 10% of wastewater that generated is treated, 
while 90% of those wastes are disposed to the natural water bodies as a raw wastes. These practice reflect the 
challenges who the next generation will face it in order to get a clean water [1]. It has been revealed that more than 
10,000 new organic compounds are added to the environment via the wastewater discharge every year [2]. 
The major environment concern towards of wastewater lies in those produced from the dye-manufacturing and dye-
consuming industries which including rubber, textiles, leather, paper, printing, plastics, cosmetics and mineral 
processing [3]. These wastes have received high interesting by the researchers during the few last years. This is 
because the dyes have high tectorial values and the discharge less than 1 ppm of the dye into the water might cause 
high changes in the physical characteristics of water. The traditional treatment process of dye-containing wastewaters 
is insufficient. Nevertheless the coagulation–flocculation process might has a good efficiency for the recovery of dyes 
from dye-containing wastewaters. Optimizing the coagulation process of color removal from the distillery spent 
wash by using response surface methodology (RSM) [4]. Moringa seed extracts were used as a coagulant with 
sodium chloride (NaCl) and potassium chloride (KCl) salts as assistant coagulants. The study revealed that the 
utilization of Moringa seed extracts with 20 and 60 mL of dosage at pH (7 and 8.5) and 0.25 M of both salts had 
removed 56 % and 67% of the color. The study occurred the potential of natural coagulants such as Moringa 
seeds as alternative methods for the chemical substances.  
Other types of wastewater which really need to highlight it is the wet market wastewater due to their compositions. 
Wet market wastewater contains high level of organic materials, suspended solids, fats, oils and grease. Besides, 
these wastes are discharged without treatment into the natural waters. It has demonstrated that the disposal these 
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wastes with high amount of nutrients contribute in the occurrence of eutrophication phenomenon and algae bloom in 
the fresh water [5].  
There are many of technologies which depend on the utilization of chemical substances, or semi synthetic material in 
the treatment of wastewater. Nonetheless, the new trends have shifted to use the natural products. This idea taken 
from the fact that the nature have high potential to repair itself if the human stop the discharge a new pollutants to it.  
Therefore, it is very important for the researchers to discover many great natural resources for water treatment [6]. In 
water treatment process, the utilization of natural coagulants have various advantages in comparison to the chemical 
agents, particularly in term of biodegradability, low toxicity and low residual sludge production [7]. Natural coagulants 
would be a great interest since they are natural low-cost products, characterized by their environ-mentally friendly 
behaviour, and presumed to be safe for human health [8]. 
 
The current review deals the technical feasibility of natural coagulant including Moringa oleifera seed and Cicer 
arietinum for the treatment of wastewater and improving the characteristics of treated wastewater before the final 
disposal into the environment. The main aim of this article is to provide a summary of recent information concerning 
the use of natural products as a coagulants. For this, an overview of wastewater treatments and factors affecting 
factors flocculation process have been compiled.  
 
2.  Characteristic of Wastewater 
The physical and chemical characteristics of wastewaters depend on their source. The industries, hospitals, 
households, wet market, car wish wastewater have different compositions. Industrial wastewaters contains high 
suspended, colloidal and dissolved solids, heavy metals are available with high concentrations [9]. Hospital 
wastewaters are rich with pharmaceutical wastes such as antibiotics and infectious agents. In contrast the wet market 
wastewater have high organic constitutes and microorganism flora. Therefore, the design and selection of the 
treatment technologies differ based on the type of wastewater. Some of the characteristics are critical to determine 
the quality of the wastewater such as organic constitutes and microbial loads, while others such as temperature and 
color are varied depend on the environmental climate and conditions, for instance wastewater temperature in cold 
regions ranged from 7 to 18 °C, while in warmer regions it is between 13 and 24 °C. The variations in their values 
effect on the wastewater composition due to their role in the chemical and biological reactions. The variations in 
temperature is associated with the changes in pH, conductivity and saturation level of gases. Therefore, these 
parameters should also be considered for the assessment the quality of wastewater. The color parameter is an 
indicator for the level of total suspended solids and dyes in the wastewater [10]. Indeed the wastewater parameters 
are interacted together and the analysis for each parameters separately does not give a whole idea for the 
wastewater quality and the expected effects on the environment as well as selection of the treatment technology. 
Besides, the composition of wastewater are varies seasonally and geographically based on the local activities and 
total population in the specific area, as well as presence or absence the transport system of the wastewater [11].  
 
These differences represent the basic elements for the selection of the treatment systems and the adoption a 
standard regulations for the wastewater disposal which are varied from one country to other. Characterizations of 
different wastewater are presented in Table 1. Among several types of wastewaters, palm oil mill effluents (POME) 
wastewater has very high constitutes of lipids and carbohydrates components. It has high COD, BOD, TSS as well as 
oil and grease. Textile wastewaters has chemical oxygen demand (COD) 2.5 times higher than that in sewage 
wastewaters due to presence dyes. The dyes are a synthetic substances and has complex aromatic molecular 
structure, they have high resistance for biological degradation, stable to light, heat and oxidizing agents. Many 
techniques have been developed for the removal of dyes from wastewater effluents such as adsorption, physico-
chemical and biological techniques, advanced oxidation processes and electrochemical degradation [3]. 
 
Wastewater can be characterized by its physical, chemical and biological component of wastewater. For example raw 
or treated palm oil mill effluent (POME) mostly contains extremely high content of degradable organic matter. POME 
contains 95-96% of water, 4-5% of total solid, 2-4% suspended solid and 0.6-0.7% oil. POME can cause severe 
pollution to water bodies due to oxygen depletion and other related effects. Oil content of POME can be found in two 
phase which is either suspend in supernatant or float on the upper layer of the suspension. Physical, chemical and 
biological methods are used today to remove contaminants from wastewater. The main goal of wastewater treatment 
management is the protection of the environment and the public health by protecting the water bodies which provide 
important water resources [11]. If it is not handled properly, it can contribute to pollutions, odour and aesthetic 
problems to the environment and society. 
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Table 1: Characteristics of different types of wastewater. 
 
Types of wastewater Country  Parameter 
Parameter 
value 
References  
Textile wastewater Greece 
pH 8.8 
 [12] BOD5 180 
COD 605 
Oil palm wastewater Malaysia 
BOD5 25000 
[13] 
COD 50,000 
TSS 18000 
Oil & grease 4000 
TS 40000 
TKN 750 
Wastewater Arab Saudi 
Mg 70.0 
 [14] 
pH 6.65 
N 0.70 
TSS 1.77 
COD 11.2 
Sewage wastewater 
 
Nigeria 
 
Fe 6.12 
 [15] 
 
pH 3.74 
COD 24.6 
Municipal wastewater Korea 
pH 7.70 
 [16] 
SS 281.90 
BOD5 205.76 
COD 238.83 
Dairy wastewater Brazil 
COD 33.3 
 [17] 
TS 0.44 
Dairy wastewater India 
pH 7.41 
 [18] 
BOD 2250 
COD 10000 
TS 2033 
TDS 1200 
TSS 833 
Oil & grease 1425 
*All parameters were expressed in mg L
-1
 except for pH 
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3. Wastewater Treatment 
Total population growth of economic and industrial activity led to increased demand for freshwater. The world's water 
resources are threatened not only in terms of poor management and overexploited but also by the destruction of 
ecological system [19]. Until the late of 19
th
 century, the use of physical-chemical treatment methods for wastewater 
were the most common methods, until the emergence of trickling filtration method for biological treatment. Moreover, 
the coagulant chemicals which are adding into the primary clarifiers or to other specific physical separation processes 
exhibited effective way to reduce the burden to downstream biological treatment methods or in some other cases for 
direct discharge, this event is usually called as chemically enhanced primary treatment, or CEPT [20].  
The development of usage of natural products for the treatment of wastewater has been raised since long time ago 
[21]. These products are extracted from microorganisms, animal or plants and they are used as coagulants because 
they have more biodegradable compounds and human friendly. To archive sustainable water treatment technologies, 
it must have criteria like their production relies on local materials, renewable resources and food grade plant material, 
and is relatively inexpensive.  
The coagulation and flocculation processes represent a critical stage in the wastewater treatment process to improve 
the quality of treated effluents. It can be used for pre-treatment or post-treatment stage [22]. The treatment process of 
drinking water from raw water resource depend on the utilization of coagulants which reduce the level of turbidity in 
form of suspended and collided materials. The inorganic coagulants such as aluminium and ferric salts as well as the 
synthetic organic polymers such as polyacryl amide derivatives and polyethylene imine is the most common in the 
water treatment. Aluminium salts are cheap and the most widely used coagulants in water and wastewater treatment 
all over the world [23]. 
The development of treatment strategy for more effectiveness in water treatment is important in order to remove all 
suspended and colloid solids from the wastewater. There were several types of pollutants that either incorporated into 
or absorbed onto the particulate material. Therefore, it becomes point of interest to develop a treatment strategy for a 
more effective treatment and thus removal of suspended and colloid solids from wastewater. The strategy of 
removing particles and colloidal material aimed to find an attractive technology which has high efficiency to remove 
the pollutants which are presented in very low concentrations such as infectious agents and heavy metals which are 
more difficult to separate by the traditional methods [24]. 
In the flocculation process, the coagulant is added to wastewater and then mixed rapidly for short time (2-3 min) in 
order to ensure the well distribution throughout the wastewater. Thereafter, the solution is mixed again slowly (up to 
20 min) to encourage the formation of insoluble solid precipitates, the process known as coagulation. The final step is 
the removal of the coagulated particles by filtration or decantation [17]. The selection of coagulant materials is very 
important decision for the different wastewater treatment, because the efficiency of coagulant depends on different of 
quality parameter of water [25]. The inorganic coagulants have disadvantages such as large dosage, low effect and 
harmful to human body, while the synthetic organic coagulants have disadvantages of high price and toxicity [26]. 
Therefore, the selection of the most appropriate coagulant depends on the determination of experimental conditions, 
and assessment of pH effect as well as the investigation of flocculants addition [25]. 
4. Factor Influence The Flocculation Process  
The coagulation and flocculation processes are considered as the most efficient and economical treatment among 
the techniques used for the treatment different types of the wastewater for removing suspended solids and turbidity 
[27]. Coagulation is one of the important physicochemical operations which is used in water and wastewater 
treatment [25]. The organic and synthetic or natural polymer materials are added to the wastewater to cause the 
colloidal stability of the material and accumulation of small to large particles and then render it is more easily to 
remove flocks [28]. This process is a chemical reaction that occurs when substances such as coagulant is added into 
the water. It will encourage the colloidal material in the water to join together into small aggregates or “flocs ". The 
suspended materials in the water are attracted to the resulting flocs. The absence an effective water treatment 
system in rural areas or areas that under development, encourage the application of coagulation process which is the 
most effective option as a simple and relatively cost-effective point-of-use (POU) technologies. This process aimed to 
remove dissolved chemical species and the turbidity of the water treated by the addition of conventional chemical-
based coagulant, such as alum (AICI3), ferric chloride (FeCI3) and poly-aluminium chloride (PAC). Although the use of 
chemicals as a coagulant is effective and well-recognized, it also has disadvantages such as less effective in lower 
temperature water, have relatively high acquisition costs, bring a damaging impact on human health, the production 
of a large volume of sludge and also affect the pH of water treated [29]. Flocculation aimed mainly to clarify the water 
which contains a high percentage of fine suspended matter such as silt or mud to prevent the filtration block. 
Nevertheless, the flocculation process is affected by many parameters, such as composition and dose of coagulant, 
initial water turbidity, pH, temperature, composition of water [30]. 
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a. Coagulant Selection 
The selection of coagulant applied in the flocculation process depend on the coagulant cost and secondary products 
associated with the coagulant as well as the quantity and quality of sludge generated [31]. There are two general 
categories of metal commonly used as coagulants which included aluminium and iron. Aluminium-based coagulants 
such as aluminium sulphate, sodium aluminates and aluminium chloride while iron-based coagulant included ferric 
sulphate, ferrous sulphate, ferric chloride and ferric chloride sulphate. Coagulant also uses other chemicals including 
lime and magnesium carbonate. The organic polymers (Poly-aluminium chloride (PAC) and polyethylene imine is an 
example of the organic coagulant commonly used in the flocculation process. However the sludge obtained from the 
utilization of aluminium salts lead to the accumulation of aluminium in the environment [32].  
b. Effect of Coagulant Dose 
Coagulation dosage is one of the most important factors which have been considered to determine the optimum 
condition for the performance of coagulants in the coagulation and flocculation process. Less or excessively dosage 
cause poor performance on coagulation and flocculation process. Therefore, it is very important to determine the 
optimum levels of dosage for boarding reduction on it cost and earn achievements in the optimum maintainability. 
The concentrations of coagulant dosage decreases with pH because more carboxylic groups become prorogated and 
do not interact with coagulant. The low doses of ferric chloride lead to the formation of larger but fewer flocs a result 
of faster growth rate relative to nucleation rate. It was due to the small surface area on which adsorption to organic 
matter occurred. It has been demonstrated that COD removal efficiency increased from 7.8 to 72% by the increasing 
of alum dose from 500 to 700 mg/l respectively [25]. 
c. Effect of Mixing Rates 
The high speeding during the coagulation process aimed to distribution of coagulation thought the wastewater; the 
recommended G-value for rapid mixing is minimally 1500 s
-1
 [33]. The rapid mixing stage is possibly the most 
important component of coagulation-flocculation processes, because it improves the formation of primary floc 
particles [32]. In general it is likely that the metal coagulant hydrolysis products that are formed within the time range 
0.01 to 1.0 seconds are the most important for effective destabilization. In many instances, traditional 30 to 60 second 
retention times during rapid mixing are unnecessary and flocculation efficiency may not improve beyond rapid mix 
times of approximately 5 seconds or less. Indeed, beyond a certain optimum rapid mix time, a detrimental effect on 
flocculation efficiency may result. The flocculation process can be influenced by stirring period where the water 
clarification is stable at the optimum speed of 80 rpm [34]. The slow mixing period is important for floc formation 
because the flocs are highly fragile. So, the sudden movements can make the floc breakage and therefore to a loss 
of effectiveness. In addition, the effect of soft and continuous stirring can enhance their formation and compactation 
[35]. 
 
d. Effect of pH and Temperature 
 
The optimum value of pH depends essentially on the properties of the water treated; type of coagulant used and its 
concentration. After the addition of different coagulants, the pH of the treated wastewater decreased from 5.81 to 
7.03 [36].  Temperature affects the solubility of the metal hydroxide precipitate and the rate of formation of the metal 
hydrolysis products. Low temperature affect’s coagulation and flocculation processes by altering coagulant solubility, 
increasing water viscosity, and retarding the kinetics of hydrolysis reactions and particle flocculation.  
 
5. Natural Coagulants 
The natural coagulants are presumed safe for human health. Some of natural coagulants have been produced and 
extracted from microorganisms, animals, or plants. Chitosan (a residue of crustacean transformation) and Moringa 
oleifera (a tropical plant) are very efficient natural organic coagulants in water treatment. The use of materials based 
on seeds and aquatic plants received an attention for its effectiveness in the treatment of wastewater. The process 
involves are low cost, traditional and feasible to implement in rural areas. In addition, it is also suitable for biological in 
nature and does not produced any waste that cannot be treated. These processes are easy to handle and requires 
little or no maintenance at all [1].  
 
The use of natural coagulant might be an option because of its advantages compared to chemical coagulant agent, 
particularly in the biodegradability, low toxicity and low residual sludge production [7]. Besides, the abundant source, 
low price, environment friendly, multifunction, and biodegradable nature in water purification, natural coagulant would 
be a better option as water treatment agent in the future. The utilization of fava bean seeds extracts contribute 
effectively in reducing total coliforms [37]. The usage of natural coagulants can be efficient in both turbidity removal 
and bacteria reduction, which is very suitable from economical aspect. Natural seeds were found to act as a 
coagulant because it is so applicable natural polyelectrolytes (colloidal bio). In the residual water, the deed as a 
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polyvalent ion, polymer chain carries a very large number of ionic tread along its length. Coagulation takes place by 
the neutralization of charges on the electronegative colloid particles by unionized centres or by hydrogen between the 
surfaces of the subject [38]. The comparison between chemical and natural coagulants are presented in Table 2.  
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Table 2: Review of coagulation with different type of wastewater using different natural coagulants 
Coagulant  Coagulation setup  
Paramete
r 
 
 
Removal/ 
Treated 
Drawback 
Natural commercial 
Wastewat
er 
Dosage Mixing (rpm) 
Settling 
Time 
Lime
a
 
Ferrous 
sulfate
b 
(FeSO4  
7H2O) 
Textile 
wastewater 
200,400,600
,800,1000 
(mg/L) 
Pilot plant 
Slow stirring 
(15-20 min) 
 
 
45 min 
Color 
 
 
COD 
80-90%
a 
85-95%
b
 
 
60%
a 
70%
b
 
-Treatment with lime alone 
be competitive to the 
treatment with ferrous 
sulfate at a constant pH 
(9.0) [12] 
Chitosan 
Fe3O4 
nanoparticle
s 
Palm oil 
industry 
wastewater 
50-2000 
(mg/L) 
3 min,250 rpm 
30 min,30 rpm 
60 min 
TSS 
COD 
Turbidity 
91.7 % 
42.7 % 
97.7 % 
-Chitosan seems to require 
much higher dosage (370 
mg/L) to achieve best 
turbidity [39] 
Moringa
a
 
oleifera seed 
 
Potatorum 
seeds
b
 
Alum 
Ferrous 
sulphate 
Car wash 
wastewater 
50,60, 
70,80 
(mg/L) 
3 min, high 
rpm 
10 min, slow 
rpm 
 
60 min 
Turbidity 
 
 
COD 
 
 
Phoshorus 
 
 
94 % 
a
 
97 % 
b
 
 
60 %
 a
 
54 % 
b
 
81 % 
a
 
82 %
 b
 
-Provide better treatment 
-Safe to environment 
-Cost is cheaper 
- Improve the water quality 
characteristics for safe 
utilization [36]. 
Cicer 
arietinum
a
 
M.oleifera 
seeds
b
 
Cactus opuntia 
ficus indica
c
 
Aluminium 
sulphate 
Tsannery 
wastewater 
0.05, 
0.1,0.2,0.3,0
.4,0.5 
(gms) 
1 min,100 rpm 
10 min,30 rpm 
 
20 min 
COD 
 
 
 
Turbidity 
90.00% 
a
 
83.33 %
 b
 
80.65 % 
c 
 
81.20 % 
a
 
82.02  %
 b
 
78.54 % 
c
 
-Max turbidity reduction with 
M.oleifera [40] 
 
 
 
 
 
- 
Polyaluminu
m chloride 
a
 
 
Aluminium 
Sulfate 
b
 
 
Ferric 
chloride
c
 
 
Ferric 
Biodiesel 
wastewater 
50,100, 
150,200,250
,300,350,40
0,450,500,5
50,600 
 (mg/L) 
4 min,150 rpm 
20 min,20 rpm 
30 min 
SS 
 
 
 
 
COD 
 
 
 
97 % 
a
 
92 % 
b
 
95 % 
c
 
88% 
d 
 
95 % 
a
 
93 % 
b
 
88 % 
c
 
93 % 
d 
-Coagulation and 
flocculation is a useful 
method as a pre-treatment 
of biodiesel 
Wastewater. 
-Coagulation and 
Flocculation is very effective 
in the SS, color, and Oil 
&Grease 
removal and moderately 
effective in the COD removal 
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sulfate 
d
  
Color 
 
 
 
 
Oil & 
grease 
 
 
75 % 
a
 
53 % 
b
 
54 % 
c
 
63 % 
d 
 
97 % 
a
 
99 % 
b
 
94 % 
c
 
97 % 
d 
of the biodiesel wastewater 
[41] 
M.oleifera
a
 
 
 
 Alum
b
 
 Ferric
c
 
Drinking 
water 
 
10,25,50,75 
& 100 
(mg/L) 
 
30 s,200 rpm 
15min,20rpm 
 
30 min 
Turbidity 
 
 
 
Color 
 
 
 
E.coli 
 
97 %
a
 
99 %
b
 
98 %
c 
 
83 %
a
 
88 %
b
 
93 %
c 
 
66 %
a
 
89 %
b
 
86 %
c
 
-Not as effective as alum or 
ferric but M.o showed 
sufficient removal capability 
to encourage its use for 
treatment of turbid waters in 
developing countries [42]. 
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a. Moringa oleifera  
M. oleifera tree is a tropical plant belongs to the family Moringaceae and widespread in Africa, India, America, Sri 
Lanka and Malaysia. M. oleifera tree can produce about 2000 seeds per year, which can be used for treatment 
60,000 L annually (Figure 1). It has revealed that M. oleifera seeds contain an active bio-coagulating compounds 
which are used as an alternative coagulant and assisting coagulant to the conventional chemical coagulant in water 
treatment [43][6] 
 
A) fresh seeds; B) Dried seeds 
Figure 1: Moringa oleifera seeds 
 
The usage of natural coagulant such as M. oleifera is much effective compare than chemical coagulant since it is 
biodegradable and has no a large volume of sludge or harmful by-products for the surrounding environment [44]. 
Chitosan is an excellent purification agent for the pre-treatment of palm oil mill effluents (POME) [39]. However, the 
study revealed that high dosage of chitosan was required (370 mg/L) to achieve the highest reduction of turbidity, 
TSS and COD (97.7, 91.7 and 42.70%, respectively). In contrast, M. oleifera seeds are effective with low dosage for 
reducing turbidity and all the chemical pollutants except for the transition cations [45]. M. oleifera removed 83% of 
color, 97% of turbidity and reduced E. coli by 66% in comparison to the alum which exhibited 88% of the efficiency for 
removal of color, 99% for turbidity and 89% for E. coli as well as FeCl2 where the removal was 93% for color, 98% for 
turbidity and 86% for E. coli [42]. These findings indicated that the alum and FeSO4 are more effective than M. 
oleifera. However, the absence of toxic by-products and toxic effects on human health of M. oleifera make it the best 
alternative of chemical coagulants. Besides, the removal efficiency of natural coagulants is more effective at low 
concentrations in comparison to the chemical coagulants.  
 
b. Cicer arietinum 
Cicer arietinum is a tropical plant available in India (Figure 2). It has a good nutritional properties and has been taken 
by human since ancient time. C. arietinum contains several types of the monosaccharides such as glucose, ribose, 
galactose and fructose and disaccharides such as maltose and sucrose as well as oligosaccharides such as ciceritol, 
stachyose, verbascose and raffinose [46]. The studies conducted on the C. arietinum indicated that the C. arietinum 
seeds have reduce the turbidity in the water to comply with the Indian drinking standard and WHO guidelines [47]. 
Medically, C. arietinum consumption lead to reduce the risk of chronic diseases like heart problem where it is helpful 
in decreasing the cholesterol levels, reduce the risk of colorectal cancer and optimize health. C. arietinum has an 
effective in the weight-loss and obesity reduction since it have been consider as low-GI food [48].  
 
Utilization of M. oleifera, Dolichos lablab, T. foenum-graecum and C. arietinum have reduced the turbidity of dairy 
wastewater by 61.60, 71.74, 58.20 and 78.33% respectively, the reductions in COD were 65.0, 75, 62.5 and 83% 
respectively [18]. M. oleifera and C. arietatinum reduced the turbidity by 87.3 and 92.8% respectively [49].  [40] 
confirmed the efficiency of C. arietinum and M. oleifera in the reduction turbidity (81.20 % and 82.02 % respectively) 
from tannery wastewater. The reduction in COD were 90 and 83.33%, respectively. The information presented in 
Table 3 shows the efficiency of C. arietinum for removing turbidity from different types of wastewater.  
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Figure 2: Cicer arietinum  
 
6. Conclusion 
 
Results from the literature review presented it is show that the use of C. arietinum and M. oleifera seeds in 
wastewater treatment can produce high quality of treated wastewater. The natural coagulants represent an 
alternative for chemical coagulants (organic and inorganic). Natural coagulant methods are more applicable for 
wastewater treatment due to their advantages which included unlimited source, affordable, environmentally friendly, 
multifunction, and the biodegradable nature in water purification.  
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Table 3. Review of coagulation by using natural coagulants  
Coagulants  Coagulation experiments  
Parameter 
 
 
Removal/Treate
d 
Drawback 
Natural Wastewater Dosage Mixing (rpm) Settling Time 
C. arietinum 
a
 
M. oleifera 
b
 
Dolicus lablab 
c
 
 
Synthetic 
turbid water 
 
50,60,70,80
,90 & 100 
(mg/L) 
 
3 min, high mixing 
& 
12 min, slow 
mixing 
 
30 min 
Turbidity 
High 
 
 
Medium 
 
 
 
Low 
       95.2 % 
a
 
69.2 % 
b
 
61.3 %
 c
 
 
95.5 % 
a
  
81.5 % 
b
 
71.5 % 
c
 
 
89.4 %
 a
 
68.9 %
 b
 
60.8 %
 c
 
- C.arietinum most 
effective for high 
dose and low 
dose [47]. 
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M. oleifera
 a
 
C. arietinum 
b
 
D. lablab 
c
 
Synthetic 
turbid water 
50,60,70,80
,90 & 100 
(mg/L) 
3 min,250 rpm 
15 min,40 rpm 
 
60 min 
Turbidity 89.0 % 
a
 
96.0 %
 b
 
95.89%
 c
 
 
 
- Max. turbidity 
reduction was 
found for highly 
turbid waters. 
-C.arietinum most 
effective [49] 
C.arietinum
a
 
M. oleifera 
b
 
C.opuntia ficus 
indica
c
 
Tannery 
wastewater 
500, 1000, 
2000, 
3000, 
4000, 
5000 
(mg/L) 
1 min,100 rpm 
10 min,30 rpm 
20 min COD 
 
 
 
Turbidity 
90.00% 
a
 
83.33 %
 b
 
80.65 % 
c 
 
81.20 % 
a
 
82.02  %
 b
 
78.54 % 
c
 
-C.arietinum is the 
effective coagulant 
in treating tannery 
wastewater [40] 
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Trigonella 
foenum- gracum
 
a
 
M.oleifera 
b
 
D. lablab 
c
 
C. arietinum 
d
 
 
 
Dairy 
wastewater 
 
50,100, 
200,400, 
600,1000 
 (mg/L) 
 
2 min,100 rpm 
30 min,40 rpm 
 
60 min 
COD 
 
 
 
 
 
Turbidity 
 62.50% 
a
 
  61.60% 
b
 
  71.74%
c
 
   58.20% 
d
 
 
58.20 % 
a
 
61.60 %
 b
 
71.74% 
c
 
78.33% 
d
 
-Not much change 
in pH & 
conductivity 
-C.arietinum more 
effective 
- Increase of 
dosage causes the 
increase of turbidity 
[18] 
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